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Glasses coloured by various metal oxides were known from ancient 
time, but there are, however, only few studies on the colouring of fused 
silica glass. Copper and cobalt oxides give red and blue silica glass respec- 
tively. Chromic oxide has a special property of producing many kinds of 
colours on silica glass. Experimental conditions affect on the colours of 
silica glass containing chromic oxide, since black, green and other colours 
are obtained by the different treatments. The following studies were 
carried out to make clear the special and complex properties of the obscure 
Cre20,-SiO2 system. 


Experimental. 


The materials used are an ordinary chromic oxide for chemical use 
and natural quartz sands which were purified by hydrochloric acid. The 
mixture of a definite proportion of these materials was fused by an electric 
furnace of high voltage. The experimental results are as follows. 

When the temperature of the mixture is nearly to the melting point of 
silica (1700°C.) or a little higher, there is no chemical reaction between two 
oxides. And it is observed that the chromic oxide powder, owing to its 
high melting point (ca. 2000°C.), was heterogeneously distributed in the 
fused silica. Subsequently a homogeneous fused product should be obtained 
by raising temperature far above 1700°C. The product thus obtained was 
striped on the whole by the consequence of high viscosity of fused silica 
and inhomogeneity of the temperature raised, and the initial granular form 
of the chromic oxide was not found in it as in the first case. 

The colour of the fused product depends upon the concentration of 
chromic oxide, the temperature of the fusion and the cooling velocity of 
the heated mass. At a very high temperature and with a low concentra- 
tion of chromic oxide (about 0.524) it gives a transparent and homogeneous 
mass of blue, violet or reddish brown colour. High concentrations of the 
oxide (few percent) give non-transparent products, and their colours are too 
many to point out strictly. But it may be said that by the rapid cooling 
the product is black and glassy, and by the slow cooling dark blue, reddish 
brown or dark green and brittle. The relation between the experimental 
conditions and the colours of the fused product may be summarized as 
follows. 
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Transparent, glassy and homogeneous 
(A). Low conen. of Cr,0; mass with a colour of blue, violet or red- 
dish brown. 

Glassy and apparently black mass, its 
thin plate is, however, transparent and 
reddish brown. 

(C). High conen. of Cr,0, Non-transparent and not glassy mass 
and slow cooling of dark green, dark blue, reddish brown 
etc. 


(B). High conen. of Cr,0; 
and rapid cooling 


A beautiful green glass can not be obtained by one heating operation, 
but it is occasionally obtained only by the second heating. This second 
heating operation upon the fused product will be mentioned by the term of 
‘‘ reheating’ in this paper. No characteristic changes were observed on the 
reheated products of (A) and (B) to 1700°C., but a remarkable change was 
found on (C). By the reheating of (C) somewhat below the melting point of 
silica it becomes a very brittle and pure green mass. When the temperature 
of the reheating was elevated to 1700°C., it, however, becomes a very beauti- 
ful green and glassy fused mass which may be useful to ornaments. 


Microscopic Studies of the Fused Products. A petrographic microscope 
was used to examine the products. (A) is completely transparent under 
the microscope. And considering that there is no compound between two 
oxides and are many varieties of the colour, it is perhaps the colloidal solu- 
tion of chromic oxide in fused silica. (B) is also glassy and its thin plate is 
homogeneous and reddish brown, but it contains very little particles of 
chromic oxide which is a small fraction of its initial quantity. 


The studies by the petrographic microscope were almost limited to (C), 
since the very beautiful green and glassy fused mass was obtained by its 
reheating. Fig. 1, 2,3 and 4 are the examples of (C). Figs. 2 and 4 are 
those of under the crossed Nicols. In the figures only needle-like crystals 
are found, but the crystals are not really needle and are very thin plate of 
which section appears needle-like. The form of the crystal is shown by 
the following diagram. This crystal is a very thin tridymite. The main 
part of the chromic oxide mixed are distributed in the tridymite as little 
green crystals which can be observed by the microscope. The other small 
part of it exists homogeneously in the same tridymite with the different 
colours like (A) and (B). The occurrence of chromic oxide in two different 
kinds in the fused product as above may be the reason why so many 
varieties of (C) are obtained. By the ratio of the both kinds of the oxide 
and by the size of the particle, it can be conceived to be obtained so 
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many colours of the fused products as they can not be expressed by pro- 
per words. 

The mechanism of the second reheating operation on the product is 
explained by the results of the microscopical studies. Fig. 5 shows a pro- 
duct of which the colour changed from reddish brown to green and the 
crystal of chromic oxide did not disappear. In this case it was known that 
the transformation of tridymite to cristobalite occurred and the main part 
of the chromic oxide which existed as green crystals remained in the cristo- 
balite as before, and the other small part of the oxide disappeared which 
gave the different coloured products. Thus the change of colours of (C) to 
pure green by reheating can be well explained. When the temperature is 
raised over the melting point of cristobalite but not far over, the cristobalite 
becomes silica glass and the above pure green crystals of chromic oxide 
distribute in it, and the beautiful green and glassy fused product will be 
obtained by rapid cooling. Fig.6 shows the portion of the reheated mass 
which contains the specially big, hexagonal, tabular and green:crystals of 
chromic oxide. 


Discussion. 


Considering that the crystal of chromic oxide is different from its 
initial form by the cooling velocity, it may be seen that at high temperature 
chromic oxide dissolves in silica of fused state and recrystallizes as the 
temperature falls. The nature of the particles produced by the recrystal- 
lization of chromic oxide depends upon the concentration of the oxide and 
especially upon the cooling velocity by the consequence of very high vis- 
cosity of fused silica. The formations of (A), (B) and (C) may be explained 
by this view. 

Efforts to obtain cristobalite by the cooling of the fused Cr.03-Si0. 
system was in vain, because it always accompanys the formation of silica 
glass or tridymite (by the proper cooling velocity crypto-crystalline tridy- 
mite) contrary to the Ostwald’s principle. The colour change by the 
reheating process is an interesting phenomenon. It is perhaps related to 
the fact that the recrystallization of chromic oxide in tridymite is not 
fully developed but completely in cristobalite by the natures of its crystal 
structure. 

The experiments on obtaining the fused products were carried out in 
the laboratory of the Institute of Physical and Chemical Research at Hongo, 
Tokyo, since it was very convenient to use a special apparatus to get easily 
the products of high melting point. 
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Summary 


(1) The mixtures of chromic oxide and silica were electrically fused 
and by the experimental conditions the products of different colours were 
obtained. 

(2) The beautiful green and glassy fused product was obtained only 
by the second reheating process. 

(3) The products of different colours were examined by the petro- 
graphic microscope. 

(4) The experimental conditions to obtain the each product of different 
colours were discussed. 

Chemical Institute, Faculty of Science, 
Imperial University of Tokyo. 
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The general properties of calamary oil obtained chiefly from the liver 
of Ommastrephes sloani pacificus (Steentrup) have already been reported in 
a previous paper.” The oil contained more than 4% of unsaponifiable mat- 
ter. As no investigation on the unsaponifiable matter of the oils of Cepha- 
lopoda has yet been found, the present experiment was made in order to 
compare its composition to those of the liver oils of Elasmobranch fishes 
and Crustacea (‘‘ taraba-kani’’), which contain the alcohols of the selachyl 
alcohol group (monoglycery] ethers) as invariable constituents. 


Experimental Part. 


1. Material. The calamary oil used for this experiment was prepared 
at Hokkaid6, and had the following properties : 


aie 0.9298 Saponification value 175.8 
n? 1.4828 Iodine value 184.1 
Acid value 20.5 Unsaponif. matter 4.50% 


(1) Tsujimoto and K. Kimura, J. Soc. Chem. Ind. Japan, 30 (1927), 865. 
(2) Tsujimoto, ibid., 31 (1928), 1191; 32 (1929), 1139. 
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The unsaponifiable matter was separated by saponifying the oil with 
alcoholic potash, and extracting the soap solution with ether. The total 
amount of ether used was 3200-3400c.c. per 100gr. of the oil. By this 
operation 68 gr. (3.4%) of the unsaponifiable matter were obtained from 
2000 gr. of the oil. 


2. Examination of the Composition of the Unsaponifiable Matter. 
The unsaponifiable matter was warmed with methanol. On cooling the 
deposited crystals were separated, and the mother liquor concentrated ; by 
repeating this treatment several times the final solution was cooled with ice 
to separate solid constituents as completely as possible. Thus the following 
three parts were obtained : (1) Solid part A, 35gr., (2) Solid part B, 8er., 
(3) Liquid part, 20 gr. 

(1) Solid Parts. The solid part A was that part which deposited firstly 
from the methanol solution, and amounted more than the half of the un- 
saponifiable matter. It formed white crystals of m.p. above 100°C. After 
recrystallisation it melted at 148.5°C., and by mixed test it was con- 
firmed to be cholesterol. The amount of cholesterol determined by digitonin 
method was 48.0% of the unsaponifiable matter. 

The solid part B was obtained by concentrating the mother liquor from 
cholesterol. The crude product formed fine orange-yellow crystals and 
melted below 100°C. By recrystallising it from methanol, 5.5¢gr. of fine 
white crystals were obtained. This was acetylated by heating it with five 
times by weight of acetic anhydride, and 6.3 gr. of the acetyl product were 
fractionated under 4 mm. pressure as follows (the temperature soon rose up 
to above 200°C.) : 





Yield (gr.) Appearance M. p. Saponif. value 
(1) Until 230° 1.9 | White solid 30° 272 
. —— , Dirty orange- 
(3) Residue 2.1 yellow solid 


From the above result, it appears that the fractions consist mainly of 
the acetyl derivatives of chimy] and baty] alcohols, as may be seen from the 


following numbers : 
M.p. Saponif. value 


Chimyl acetate, C,,H;,,0(0COCH3). ca. 22-22.5° 280.3 


Batyl acetate, Co,HO(OCOCH;). 33.9-34.4° 262.0 
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The boiling point of these compounds is 235-249°C. /5mm. 


As the fractions had nearly identical properties, they were mixed for 
further examination. When calculated from saponification value, the sub- 
stance contained nearly equivalent parts of chimy] and baty] alcohols. 

The free alcohols obtained by saponification were fractionally crys- 
tallised from 95% alcohol, and separated into the following three parts: 
(1) First crop, 1.8 gr., white, lustrous crystals, m.p. 64-65°C., (2) Second 
crop, 0.7 gr., similar crystals, m.p. 61°C., (3) Third crop, m.p. 59.5-60°C. 

By recrystallisation the first crop yielded 1.1 gr. of crystals of m.p. 
65°C.; so no elevation of m.p. was observed. This substance contained no 
cholesterol, and the mixed test (equal parts) with batyl alcohol (m.p. 70- 
70.5°C.) was 63.5°C., showing a little depression. 


Anal. Subst. = 0.1092; CO, = 0.2870; H.O = 0.1268 gr. 
Found: C= 71.68; H=12.99%. Cale. for C.,;H,,0;: C = 73.18; H = 12.88%. 


Thus the substance mainly consisted of batyl alcohol, but it probably 
contained some impurity of smaller number of carbon atoms. 


The second and third crops probably consisted of chimyl and batyl 
alcohols ; the mixed test of the latter with chimyl alcohol (m.p. 60-60.5°C.) 
was 58°C. Although not isolated, the presence of chimy] alcohol is highly 
probable from the high saponification value of the acetyl compound. 

2) Liquid Part. Although this was mentioned as “liquid” part, it 
really still contained solid constituents, and formed an orange yellow semi- 
solid at the ordinary temperature. It had iodine value 73.0, and acid value 
4.3. It was acetylated, and 22.4 gr. of the acetyl compound were firstly 
distilled under 4.5 mm. pressure until the boiling point rose to 250°C. (bath 
temperature 290°C.), the orange-yellow coloured distillate amounting to 18 
gr. (80.494). The residue (4 gr.) formed a dark brown crystalline semi- 
solid ; this contained vitamin substance (liver resin). The distillate was then 
fractionated under ca. 4 mm. pressure as the following table. 


The high saponification values of the higher fractions pointed the pres- 
ence of the compounds of dihydric alcohols, and the comparatively low iodine 
values indicated the admixture of the compounds of saturated alcohols. The 
each fraction contained also small amount of free acids. 

Fractions (2) and (8). These were mixed and saponified. On extract- 
ing the alkaline soap solution with ether, the free alcohol was obtained ; 
yield, 1.8 gr., an orange-yellow crystalline mass. This was dissolved in 
90% acetone, and cooling with ice, the deposited crystals were separated. 
The liquid part obtained from the filtrate was dissolved in 80% acetone, and 
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cooling with ice and salt, further amount of solid part was separated. So 
finally 0.5 gr. of liquid part was obtained. 


Yield | | Acid | Saponif. | Iodine | 2 

(gr.) Appearance | value value value "Dp 
(1) Until 180° 2.0 | Orange-yellow liquid 5.2 164 45 | 1.4528 | 
(2) 180-190° 1.3 ” | 6.3 188 33 1.4504 
(3) 190-200° hae ” 6.8 199 37 1.4510 
(4) 200-210° 1.3 ” | 10.2 218 41 | 1.4520 
(5) 210-220° 1.2 ” 7.9 224 45 | 1.4540 
(6) 220-230° 2.8 ” 7.0 246 48 | 1.4550 
(7) 230-245° 5.3 ” 5.5 248 53 1.4571 
(8) Residue 30 | Dirty brownish as nie oat 

: ‘ si yellow semi-solid 





The solid part thus separated, on recrystallisation from 90% acetone, 
melted at 49.5-50°C., and showed no depression of m.p. on the mixed test 
with cetyl alcohol. 


Anal. Subst. = 0.1432; CO, = 0.4131; H,O = 0.1823 gr. 


Found: C = 78.68; H = 14.25%. Cale. for C,,H3,0: C = 79.25; H = 14.14%. 


The substance was therefore confirmed to be cety] alcohol. 


The liquid part was of an orange-yellow colour, and had iodine value 
76.4 and nj} 1.4696. On brominating it in petroleum ether solution, a some- 
what appreciable amount of precipitate was formed. On hydrogenation the 
yield of solid product was small, so that the exact determination of m.p. 
was not possible. It appears, however, very probable that the liquid part 
contained oley! alcohol. . 


Fractions (6) and (7). These were mixed and refractionated under 5 
mm. pressure. The second fraction (ca. 3 gr.) boiling at 230-245°C. was 
an orange-yellow liquid of saponif. value 240.2, iodine value 53.9, and nj 
1.4572. The free alcohol (semi-solid) obtained by saponification was dis- 
solved in 90% acetone, and by cooling with ice the deposited solid (prob- 
ably batyl alcohol) was separated. The liquid part obtained from the 
filtrate amounted to 1.3¢gr. It was an orange-yellow liquid of iodine value 
73.0 and n?} 1.4725. A little precipitate was formed by brominating it in 


petroleum ether solution. 


Anal. Subst. = 0.1240; CO, = 0.3326; H.,O = 0.1362 gr. 
Found: C = 73.15; H =12.29%. Cale. for C.,H,.0;: C = 73.61; H = 12.36%. 


——_— EEO ———————— EE _ NO OO eee eee 
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This substance was hydrogenated with platinum black as catalyser ; the 
hydrogenated product on recrystallisation from alcohol melted at 64°C. and 
showed no depression on the mixed test with batyl alcoho]. So the original 
substance was confirmed to be selachy] alcohol. 

The first fraction (until 230°C./5mm.) of the refractionation had saponif. 
value 239.4, iodine value 45.8, and n? 1.4550. The chief constituent of this 
fraction would also be selachy] alcohol. 

The fractions (4) and (5) were not examined, but judging from their 
properties they consisted probably of mixtures of the acetyl compounds of 
cetyl, batyl and selachyl alcohols, and possibly also of oleyl and chimy] 
alcohols. 

The compounds of alcohols of higher unsaturation were also present. 
The low saponification value of the fraction (1) appeared somewhat ab- 
normal. Probably it contained not acetylated alcohols, or hydrocarbons, 
but the want of material prevented further examination. 


Summary. 


(1) The unsaponifiable matter of calamary oil contained 4874 of choles- 
terol. 

(2) Besides cholesterol, the presence of cetyl, batyl and selachy] 
alcohols has been confirmed. Oleyl and chimy] alcohols were probably 
present. A small amount of the alcohols of higher unsaturation appeared 
also to be present. 

(3) The occurrence of the alcohols of the selachyl alcohol group 
(monoglyceryl ethers) in calamary oil indicates the wide distribution and 
vital importance of these compounds as constituents of liver oils of 
various marine animals. 

The author desires to express his hearty thanks to Prof. K6kichi Oshima 
for the kind supply of the sample of calamary oil used for this investigation. 





Tokyo Imperial Industrial Laboratory, 
Yoyohata, Tokyo-Fu. 
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1. Velocity of Absorption of Moisture at Constant Vapour Pressure. 


Method of the Experiment. Fine CaO powder of 100 gr. contained in 
a 500c.c. beaker (sectional area = 79.4 cm?.) was placed in a glass vessel 
with some water in the bottom. The change of weight was measured occa- 
sionally. This experiment was set about on Dec. 11th, 1929, and by dint of 
the warming equipment of the chamber, the temperature did not deviate 
much from the mean temperature of 14°C. during the whole course of time. 


Result of the Experiment. The relations between the weight increase 
and time are shown in Table 1. 


Table 1. 


Time in days (t) 5 10 20 30 40 50 60 74: 





Weight increase (Wz) ‘ o 
(obs.) 8.2 16.6 23. 


Weight increase cale. , — 
by eqn. (1). 8.4 14.8 | 


Difference 1+0.2 1.8 00 i+ G1 |— 61 je + 0.1 =» @1 
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From this result the following experimental formula was obtained : 
ee Oe ae SOUS PTET TTT OTTO TT TT (1) 


The calculated value by this equation shows a coincidence with the 
observed one. (See Table 1 and Curve A of Fig. 1). 


Consideration of the Results. If the temperature, humidity, surface 
nature and other conditions are kept constant, the velocity of absorption 
of moisture by CaO may be considered to follow the equation : 





dW, 


wn © cb deekendokveasensens (2) 
dt 
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Weight increase (W:) % 





t in days. 


Fig. 1. Absorption of moisture by CaO at constant humidity. 


where W,: weight of moisture absorbed by 100gr. of CaO during the 
t (days); W.: means (lim. W:.); (W.—W,): absorbing capacity of the 


CaO in future; ki: a constant, indicating the rate of absorption. 
From the equation (2) we have 


in a et (3) 
and 1 = > 

hy = et SS a re 

1 0.4343t ogi (- W.—W, (4) 


Equation (3) quite agrees with equation (1) in the form, and we have 
k; = 0.0510 and W.. = 37.0. 


W.. cannot be calculated by the equation 
ee A . Sbucescddwoaseweeeses (5) 


to be equal to 32.14, because there may be some parts of moisture, which 
are merely adsorbed on the surface, and which make W.. greater than 
32.14. The value: 37.0—32.14 = 4.86, can therefore be regarded as the 
part due to adsorption. 


2. Relations between the Velocity of Absorption of Moisture 
and Temperature and Humidity. 


Method of the Experiment. Each 10 gr. of CaO powder, contained in 
a weighing tube of 4.9 cm? wide, was placed in a vessel each containing sul- 
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’ phuric acid or some salt solution of a known concentration, and the in- 
crease of weight was measured occasionally, at 10, 20, 30 and 40°C. respec- 
tively. Special care was taken to equalize the fineness and compactness 
of the powder. 


Results of the Experiment. The results are shown in Tables 2 to 5. 


Table 2. Temp. = 9.9+0.9°C. (corresponding to Fig. 2) 





Water 


Solution Sulphuric acid 
concentration % 100 43.75 66.0 
vapour tension (mm. Hg) 9.1 4.4 1.1 
humidity % 100 48 3 12.1 
time hrs. 
weight 19.75 0.0756 0.0319 0.0095 ? 
increase (gr.) 25.25 0.1021 0.0425 0.0087 
0-0752 


43.25 0.1919 0.0137 





0.20 
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Vapour press. in mm. Hg. 








Fig. 2. Relation btw. absorption 
of moisture and humidity. 
Temp. = 9.9 + 0.9°C. 





Vapour press. mm. Hg. 


Fig. 3. Relation btw. absorption of moisture 





and humidity. Temp. = 20.8 + 0.3°C. 





; 
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Table 3. Temp. = 20.8+0.3°C. (Fig. 3) 


Solution H.O | NaCl | NH,NO, H.SO, 








| concentration % | 100 | Sat. | Sat. | 37.69| 43.75 | 50.00 | 55.00 | 65.20 








ae —" 18.4 | 140) 120 | 113 | 886} 68 | 49 | 21 
humidity % 100 | 746 | 65.2 | 61.4 | 482 | 37.0 | 266 | 103 
: a 
| |No.| tes.) a: at 
| [1a | 22.6 0.1615 
bo Sed. as. 7 
E | 2a | 17.9 | 0.1399 | 0.1075 | 0.0823 | 0.0356 | 
2 2 | 23.66 | 0.1877 | 0.1419 | 0.1085 | 0.0509 | 
# | 2 | 40.5 | 0.3414 | 0.2625 | 0.1953 | 0.0868 | 
So | 3a} 43.8 | 0.5017| | 0.1496 | 0.0291 
B | 3, | 60.9 | 0.7207) | | 0.2161 | 0.0412 
| 8e | 17.0 | 0.2171 | 0.1311 | | 0.0641 | 0.0107 





} } } 


la: very compactly charged , 


3c: very coarsely charged, 


Table 4. Temp. = 30.340.5°C. (Fig. 4) 








Solution H.O | NH,NO, H.SO, 

concentration. % 100 | Sat. 50 66 

vapour pressure mm. Hg. 32.4 | 19.3 12.1 3.5 
humidity % 100 59.5 37.3 10.8 | 

> No. time (hrs.) 
bp == gee 
e 1, 17.25 0.3967 | 0.2188 0.1188 0.0215 | 
n | 
S Ip 22.92 0.5486 | 0.2969 0.1646 0.0289 
Me 
= 1, 40.17 0.9280 0.5480 0.3012 0.0522 
- lq 45.50 1.1163 
mde 28.83 1.7112 
= I¢ 89.83 2.1658 


| 
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Weight increase (gr.) 











0 10 20 30 40 


Vapour press. mm. Hg. 


Fig. 4. Relation btw. absorption of moisture and humidity. 
Temp. = 30.3 + 0.5°C. 


Table 5. Temp. = 39.9+0.1°C. 











Solution | H,.O | NaCl H.SO, 








concentration % | 100 Sat. 50.0 66.0 
vapour pressure mm.Hg | 55.0 41.2 21.3 5.4 
humidity % 100 | 74.9 | 638.6 9.8 
| - - | —-———_-— 
time hrs. | 
; weight —_—— 
increase (gt-) | i998 | 0.8417 | 0.5760 0.2464 | 0.0481 


—"___ aC a 





ee ——  —  _ 
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Theoretical Part 


The increase of weight (W,) of quicklime due to moisture must be the 
sum of water adsorbed by CaO, water chemically combined to form Ca(OH)2 
(W;’') and hygroscopic water on the Ca(OH)2(w,). It may be assumed that 
the water adsorbed by CaO is relatively small becaiise it soon combines with 
CaO to form Ca(OH)2, and Ca(OH)2 formed absorbs rapidly the hygroscopic 
water, the quantity of which must be considerable. Then we have 


This w; may be regarded to consist mainly of the water adsorbed on the 
surface of Ca(OH)2, and as Ca(OH)2 produced from the CaO forms very fine 
powders, the area of the surface may be regarded to be proportional to the 
mass. Then from Langmuir’s equation of the adsorption isotherm we have 


EO ees (7) 
uh 
w, = isan) Aa My em Pts (8) 


where a and /’ are constants and h/ is the vapour pressure. From equa- 
tions (6) and (8) we have 


_ / ane , Vh 
W; icin Wi(1+A) —_— wi(1+=**_) eeee eee ee eee (9) 
and combining this equation to equation (2), we have 
/ 
te a | (10) 
dt 
W.... 


where W4,= = 32.14% of initial weight of pure CaO.... (11) 


1+2 
Assuming that the velocity of formation of Ca(OH) is proportional to the 
vapour pressure h, namely 


At the earlier stage of slaking, where W,’ is negligibly small compared 
with W..’, we have 


dw? - 
ee a en Tee 13 
dt ™ (13) 
or 0 a Ta ane ee ae (14) 


and from (9) and (14), 
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W,=aW. + 4h 

t ay hed 1 ) coecceccococcoscese (15) 
= We = q, W2 + — uh = 

or o> ay 2a(1 1 ) ee (16) 


Taking a certain value of w’ corresponding to h’, we have, for every 
common time ¢, 


h—h' 1+ah’ \ 
= SS ee 17 
o—wo’ cana }S - (7) 
—* 
Therefore, if the equation (15) truely holds, hh ; must be in linear rela- 
oO ~—-@ 


tion with h. 
Now, discussing this relation from the observed values : 


Table 3 No. 3c Table 4 No. la Table 5 





From (20°C.) (30°C.) (40°C.) 
hewn - 2.1 | 6.8 [12.0 18.4 | 3.5 121 (19.8 |32.4 | 5.4 )21.8 a2 55.0 
| | 
h—h/ | | 7 
——-x 10-3 | | 1.09 | 1.69 2.48 2.34| 3.05| 4.72) — | 5.95] 7.08) 7.77 
() — Oy | } 
h—h' —" , , ’ 
we see that , stands in linear relation with h (Fig. 5) and therefore 
@—-@®@ 


that the equation (15) holds, and consequently the above assumptions are 
quite plausible. 
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For the equation of absorption of moisture by quicklime at constant 
temperature we have the following general equations 


OW s os ah {14+ 9Wi— Wi} ...0sceececesereee (18) 
dt 
and W, = (L+QWLil— 6} occ sees esses (19) 
where ta A , 
1+ah 
Summary 


(1) From the experimental study, it has been found that the mechanism 
of absorption of moisture by quicklime can be explained as follows: free 
CaO absorbs moisture to form Ca(OH)2, the velocity of which being propor- 
tional to the humidity, and the Ca(OH). formed, getting off from the mother 
CaO in fine powders, and swelling in its volume, quickly adsorbs moisture, 
the amount of which being proportional to the amount of Ca(OH). formed. 

(2) The general equation of the velocity of the increase of weight 
at constant temperature has been given as 


We = a hl(1+aW.— Wi} 


dt 
and W. = (1+4) W2f1—e 4") 
vh 
where S- ; 
1+ah 


(3) The effect of temperature elevation has also been studied. 
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Introduction. 


There are two different theories on the constitution of osmium 
tetroxide. Sugden says that it must be a semi-polar compound while 
Sidgick asserts that it must be a covalent compound. Sidgick states, ac- 
cording to his valency theory, as follows. As the elements of first sub- 
group of 8th group, iron, ruthenium and osmium, have eight electrons 
more than an innert gas, they might be expected to show the valency of 
eight, especially in 8-covalent compounds which could be formed directly 
without coordination. But by the covalency rule it appeares that the 
maximum covalency of an atom is 2 for hydrogen, 4 for the elements from 
lithium to fluorine, 6 for the elements from potassium to bromine, and 8 for 
the elements from rubidium to uranium. So the elements which can form 
8-covalent compounds directly without coordination are ruthenium and 
osmium only. We find that osmium formes an octafluoride OsFs which is 
very stable and volatile compound, having the vapour pressure 552.5 mm. 
at 38.0°C. 

It is at Jeast probable that we should assign a similar 8-covalent struc- 
ture to osmium in the tetroxide OsQ,, and write it Sos and not 


4 Os ~ . This is supported by the fact that ruthenium, which also can 


be 8-covalent, likewise forms a volatile tetroxide, while iron, which is limited 
to a covalency of six, does not. 


But the result of the measurement of parachor by Sugden and the iso- 
lation of the compounds by Krauss which indicate that osmium tetroxide 
must be unsaturated coordination compound are strong objections to the 
covalency theory. Sugden got 154.0 as the parachor of osmium tetroxide 
using the data measured by Wartenberg. If we assume that the osmium 
has an octet, there must be four semi-polar links (or coordinate links ac- 
cording to Sidgick) in the molecule. And the value for osmium will be: 


Os = 154.0—4 x 20.0+ 41.6 = 80.4. 
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On the other hand, if the molecule is analogous to OsF;, and has four true 
double links, we should have, according to Sugden’s values : 


Os = 154.0—80.0—4 x 23.2 = —18.8. 


Sugden said that there is no other evidence of the value of parachor of 
osmium, but from rough data for the neighbouring elements it should be 


between 60 and 100. Hence he concluded that the formula OS0s = is 


correct. According to Sidgick, Sugden’s argument seems at first sight con- 
clusive, but on close examination it will be noted that there is some difficul- 
ty. In the first place, the close agreement between theory and observation 
which he obtained with the other substances cannot be adduced here, for 
lack of other data as to the parachor of osmium. Secondly, in all the sub- 
stances for which the agreement was found to be close, there is the evidence 
of the presence (in every atom except hydrogen) of an octet. 


Hence Sidgick said that there is no proof that his values hold good 
when the valency group exceeds eight, it should be expected that this would 
affect the molecular volume, and that in addition to the constitutive factors 
of the parachor already mentioned, another would be needed to allow for 
the change in size of the valency group. This would presumably be nega- 
tive: the high stability and-screening effect of the octet as compared with 
any other arrangement of the outer electrons suggest that when there is a 
larger valency group the external field is stronger, and the attached atoms 
are more closely held; just as it is found that in zinc, where the group next 
to the valency electrons is eighteen, the volume is much smaller than in 
calcium, where it is eight. In osmium tetroxide, if the metal is really eight 
covalent, there is an extreme case of this effect, since the valency group 
has expanded from eight to sixteen, and it may be concluded that if this 
occurred, it would considerably reduce the parachor, so that the fact that 
such a formula would give a negative value for the parachor of osmium if 
no allowance is made for the change in the valency group, is not conclusive 
evidence that the formula is wrong. 

As the second evidence that supports Sugden’s theory F. Krauss and 
D. Wilken™ reported the isolation of following compounds which indicate 
that osmium tetroxide is unsaturated co-ordination compound, namely : 


K2[OsOOH)2], Cse[OsOOH)2] , (NH,)2[OsO,(OH)z] , 
Ba[Os0,(OH)el, Cse[OsO,, Fe], Rbe[OsO,, Fe], 


(1) Z. anorg. allgem. Chem., 145 (1925), 151. 
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This fact is a strong objection to Sidgick’s theory. In short, this ques- 
tion is not yet solved. It is very desirable to measure the parachor of 
osmium octafluoride. But the measurements of surface tensions and den- 
sities are very difficult according to its nature. But if we assume that 
osmium octafluoride has the same surface tension and density as osmium 
tetroxide, so we shall find as its parachor 212. Hence the parachor of 
osmium is 


212.0—25.7x8 = 6.4. 


The author wanted to carry out more accurate measurements on 
parachor and measured surface tensions and densities of osmium tetroxide 
between its melting point and boiling point. Krauss also reported the enan- 
tiotropic isomerism of ruthenium tetroxide and osmium tetroxide. The 
author wanted to investigate this point thoroughly and measured vapour 
pressure of osmium tetroxide by the statical method using a spring 
manometer. 


Existence of Enantiotropic Isomers of Osmium Tetroxide. The chief 
points by which Krauss asserts the existence of enantiotropic isomers of 
osmium tctroxide are as follows. 


(I) Existence of white and yellow isomers. The melting point of the 
white one is 39.5°C. and the yellow is 41.0°C. 


(II) Different vapour pressure of them. 


(III) Formation of both compounds by raising or lowering the tem- 
perature. 


But the present author could not recognize isomers by his experiments 
which will be described in details in the following lines. 


(I) By Krauss osmium tetroxide obtained by heating the metal in 
oxygen stream is crystals of white needles and melts at 39.5°C. It solidifies 
in light yellow mass on cooling. When heated again, the solidified yellow 
mass does not melt at 39.5°C., but melts at 41.0°C. 


According to the author’s results, osmium tetroxide obtained by subli- 
mation is white needles, and by heating it melts to a yellow transparent 
liquid. It solidifies in transparent light yellow mass or white opaque mass, 
according to its quantity and its cooling velocity. The melting point was 
observed under a microscope which is kept in a thermostat providing a 
thermometer standardized at P.T.R. The sublimated white needles did 
not melt at 39.5°C., but melted at 40.6—40.7°C. The solidified light yellow 
mass gave the same melting point. 
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(II) Krauss measured vapour pressures up to its melting point by 
Hiittig’s™ method and indicated that the white compound has higher vapour 
pressure than yellow as follows. 


White osmium tetroxide. 


I II III 
——_—— (RE i, I 
0° 2.0 mm. 0° 2.0 mm. 0° 2.0 mm. 
10° 3.5 13° 4.0 8° 3.0 

18° 5.0 31° 7.5 18° 5.0 
29° 7.0 34° 8.5 24° 6.0 
36° 9.0 32° 8.0 


Yellow osmium tetroxide. 


I II Ill 
a ee ee, a 
0° 0.5 mm. 0° 0.5 mm. 0° 0.5 mm, 
> 2.0 8° 1.5 18° 2.5 
18° 3.0 16° 2.5 23° 4.0 
28° 5.0 31° 6.0 26° 4.5 
35° 7.5 36° 8.5 


His result of each experiment shows good coincidence and both vapour 
pressure curves coincide at 41.0°C. But it will be seen later that there are 
wide differences between these and the author’s results, which have been 
obtained by statical measurements. So the author considers that the above 
result may not represent the saturated vapour pressures. 

(III) Further by Krauss the yellow osmium tetroxide changes into the 
white form in liquid air and becomes very breakable with a glass rod. This 
white form also melted at 39.5°C. According to the author’s result, how- 
ever, the yellow form did not change its colour by leaving in liquid air 
for twenty hours and melted at 40.6°C. 

Therefore, the enantictropic isomerism of osmium tetroxide will be 
denied by the present author. 


Experimental. 


Measurement of Vapour Pressure of Osmium Tetroxide. Vapour pres- 
sures were measured by Ruff and Tschirch®, and Wartenberg.” The values 


(1) Z. anorg. allgem. Chem., 114 (1920). 
(2) Ber., 46 (1913), 929. 
(3) Ann., 440 (1924), 97. 
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measured by Ruff using the dynamical method of A. Smith and A. Merzies” 
are as follows. 


Temperature °C. 95° 115° 125° 135° 
Pressure mm. 275 482* 640.4 779 


The values measured by Wartenberg extend over a wide range above 
and below the melting point. He measured vapour pressures of solid 
osmium tetroxide by dynamical method passing the stream of ozone at the 
temperatures 0°, —19.6° and —38.0°C. 


Temperature °C. 0° —19.6° —38.0° 
Pressure mm. 0.775 0.115 0.0137 


The empirical formula is 
log Parm = — 18500/ 4.57 T + 7.83. 


Therefore the mean heat of sublimation is 13500 cal. 


The values of vapour pressures of liquid osmium tetroxide were ob- 
tained by the dynamical method of A. Smith. 


Temperature C°. 40.2 51.0 51.6 62.0 62.2 67.8 91.0 96.2 96.8 132.0 136.4 
Pressure mm. 11.0 32.0 33.0 59.5 61.0 79.0 205.4 250.4 258.4 714.6 1757.4 


The August’s empirical formula is 
log Patm = —10100/4.57 T + 5.49. 


He gave 40.1°C. as the melting point and 129.0°C.** as the boiling point 
from the above values. 

The author carried out the following experiment in order to obtain the 
more accurate values, as there are marked differences between the values 
of Ruff and Wartenberg. 


Preparation of Osmium Tetroxide. It was prepared by heating the 
metal in oxygen stream. The sublimated tetroxide condenses at the cold 
part. It is necessary to shut off the moistures, as the tetroxide decomposes 
by small quantity of water giving the violet substance. (It may be osmium 
dioxide). 


(1) J. Am. Chem. Soc., 32 (1920), 907. 
* We find in the original paper the value 182 instead of 482. 
** The melting point should be above 136.4 according to vapour pressures, 
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Method of Measurement. As the tetroxide has a strong oxidizing 
power and attacks mercury violently staining its surface, so it is impossible 
to measure pressures directly with mercury. Therefore the author used a 
glass spring manometer. On its preparation and employment he owes 
much Mr. K. Arii,” Assistant Professor of Tohoku Imperial University, 
and wishes to express his sincere thanks. 

At first the whole apparatus is evacuated to a high vacuum such as 
0.0005 mm. Hg. Then B, containing the tetroxide, is connected and by 
warming B the tetroxide is distilled into A, 
which is cooled with freezing mixtures of sodi- 
um chloride and ice, and the whole apparatus 
evacuated again (Fig. 1). Then sealed at a. 
After keeping the vacuum of 0.0005 mm. for 
30 minutes the apparatus is sealed at 6 and ec. 
The position of the needle d, that indicates the 
zero-point, is determined accurately by means 
of a fixed telescope, before introducing the 
tetroxide. The sensibility of a spring mano- 
meter used is 0.01mm. Hg. The thermometer 
used was compared with a P.T.R. thermometer. 
The temperature of the thermostat is carefully 
regulated. For example, at 130°C. it is regu- 
lated within +0.02°C. The internal diameter of 
the mercury manometer is 15mm. A catheto- 
meter was used for the reading of pressure. 














Results. There was no difference between the value after 2 hours and 
after 24 hours even at the lowest temperature 15.89°C. This proves that 
the time necessary to reach the equilibrium is very short. The values ob- 
served at each temperature are mean values of several observations for one 
day and night. Though osmium tetroxide is very stable compound, for 
precaution’s sake, for example, from 70.15°C. the temperature was turned 
back to the previous temperature 60.10°C. and the value was compared with 
the former value in order to examine whether or not the dissociation takes 
place. Results are all negative. The pressures given in Table 1 were 


added necessary corrections. The relation between - and log P is given 
in Fig. 2. 





(1) Bull. of the Institute of Phys. and Chem. Research, Vol. 8, No. 7. 
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Table 1. 
F i a Sa eeeeE IEEE 
| Temperature °C. ci T Prom. log P 
15.89 288.99 0.0084603 5.37 0.72997 
21.92 | 295.02 33896 7.95 0.90037 
| 26.95 300.05 33328 11.08 1.04258 
31.97 305.07 | 32778 15.08 | 1.17840 
36.99 310.09 32249 21.05 1.32325 
40.01 313.11 31938 25.09 1.39950 
43.02 316.12 | 31634 28.84 1.46000 
47.04 320.14 . 31236 35.64 1.55194 
| 53.07 326.17 30659 47.12 1.67321 
| 60.10 333.20 | 30012 64.44 1.80916 
| 70.15 343.25 | 29133 | 100.18 2.00078 
85.22 358.32 27908 | 181.04 2.257776 
100.29 373.39 26782 | 300.46 2.477784 
115.00 388.10 25767 483.89 2.684751 
130.00 403.10 24808 746.18 2.872848 











Melting Point. The melting point determined by the relation between 
x and log P is 40.7°C., and that from a microscopic observation is 40.6° or 
40.7°C. 


Wartenberg determined it as 40.1°C. from the vapour pressure curve, 
but this value is not correct, because his vapour pressure curve is somewhat 
different from author’s result. The author can not agree with Krauss’ 
values 39.5° and 41.0°C. owing to above reason. 


Boiling Point. The value obtained by the graph is 131.2°C. Krauss’ 
value is 134°C. 


Empirical Formula below Melting Point. The August’s formula has 
been obtained by an assumption that the heat of sublimation is constant in 
the range of temperature measured. The calculated values well coincide 
with the observed ones. 


2542.01 


T + 9.51791 . 


log P = — 
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Table 2. 

Temp. 15.89 21.92 26.95 31.97 36.99 40.01 

Pobe. 5.37 7.95 11.02 15.08 21.05 25.09 

Peatc. 5.27 7.97 11.11 15.33 20.90 25.07 


Therefore the mean heat of sublimation is 11640 eal. 


Empirical Formula above Melting Point. The relation between log P 


and , was indicated in Fig.2. It is composed of two straight lines in- 
3.0r¢ T 
os|_ i I 2 ee Be 

a) x Wartenberg 


| © Ruff 


log P 
is 
a 


Se ee ed 

0.0024 25 26 27 28 29 30 31 32 33 34 365 
1 

a 


Fig 2. 


tersecting at about 72°C. It cannot be decided with this result only, 
whether any change takes place in a liquid at 72°C. or the actual rela- 
tion is not a straight line, but is a curve owing to gradual decrease of 
the heat of vaporization. If we assume a transition point at about 72°C. 
and apply August’s formula, we obtain the following two relations. 


log P = —2167.22/T + 8.31658 (below 72°C) .......... I 
log P = —1977.39/T + 7.77704 (above 72°C) .......... II 
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The mean heat of vaporization will be obtained by these equations 


AH = 9923 cal. (from I) 
4H = 9054 cal. (from II) 


The difference between them indicates the heat of transformation. 
1 


T is not astraight line, the following 


If the relation between log P and - 


Nernst’s formula will be obtained. 


log P = —2592.66/T + 1.75 log T — 0.0062662 T + 7.26716. 


Table 3 shows the comparisons between observed and calculated values. 


Table 3. 
co | Probe. Poste, by Lor I | Festa, by Nernat’s 

43.02 | 28.84 28.89 28.53 | 

47.04 | 35.64 35.24 35.24 

£3.07 | 47.12 47.00 47.10 

60-10 | 64.44 64.91 65.00 

70.15 | 10018 100.65 100.10 | 

85.22 181.04 181.36 180.40 
100.29 |  800°46 302.83 305.52 | 
115.00 | 483.89 480.73 484.61 | 
130.00 746.18 743.98 739.37 | 





Further, the heat of vaporization in a narrow range of temperature is 
given by the following relation 


T:T2 log Pe 


4H = 4.5787 y 
T2—T; Pi 


As the range is narrow, JH may be assumed as a heat of vaporization 
at a mean temperature instead of a mean heat of vaporization within this 
range of temperature. 

The heat of vaporization at the melting point found from the above 
data by extrapolation is 10100 cal. The difference (1540 cal.) between the 
heat of sublimation (11640 cal.) and the heat of vaporization (10100 cal.) 


Ve es 
a 
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shows the heat of fusion of osmium tetroxide. If we put the heat of vapori- 
zation at boiling point equals to that at 122.5°C., we get as Trouton’s 
constant, 


4H _ 8982 _ 
7; —- 


The heat of vaporization obtained by extrapolation, from Table 4 is 
4H = 8700 cal. and Trouton’s constant becomes 


4H _ 8700 





= - -=21.5. 
T 404.3 
Table 4. 

Temperature range Mean temperature | \H 
43.02— 60.10 51.56 9859 cal 
60.10— 85.22 72.66 9763 
85.22—115.00 | 100.11 9129 

115.00—130.00 122.50 8982 


Thus we know that osmium tetroxide is a normal liquid at its boiling 
point. 

By Wartenberg’s measurement the heat of vaporization is 10100 cal. and 
the heat of sublimation is 13500 cal., so the heat of fusion is 3400 cal. This 
value coincides well with his value 3410 +22% cal. obtained by a calorimetric 
observation. 

The author cannot agree with 10100 cal. for the heat of vaporization at 
the melting point, because the heat of vaporization decreases as the tem- 
perature rises. The mean heat of vaporization between 51.0° and 62.0°C. 
using Wartenberg’s value becomes 12170cal. The difference between 
13500 cal. and 12170 cal. is 1830cal. So we know that the heat of fusion 
measured by Wartenberg is incorrect. 


The vapour pressure at 25°C. obtained by interpolation is 9.91 mm. 


So 
OsO,(s) = OsO,(g) , JSF 98,1 = 2572. 


Further, the vapour pressure at 25°C. of the super-cooled liquid obtained 
also by extrapolation is 11.02 mm. 


Os0,(1) = OsO,(g) , 4F = 2509. 
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Thus the free energy change between solid and liquid tetroxide at 25°C. is 
OsO,(s) = Os0,(1) > IF 298.1 = 63. 


The specific heats of liquid and solid osmium tetroxide are unknown. 
If we assume that there are no differences between them. 


AH = 1540 cal. , JF = 1540+1T. 
And JF =0 at 40.7°C., then J = —4.91. 
Therefore OsO,(s) = OsO,(1), IF o81 = 77. 
The results obtained from both calculations are concordant. 


Measurement of Surface Tension. It was found by 

the above experiment that the decrease of the heat of 

| vaporization of osmium tetroxide is remarkable with 
the rise of temperature. To ascertain this point on the 

one hand and to make sure Wartenberg’s value on the 

other hand, its surface tensions and densities were 
measured. The measurements were carried out by the 
method of a capillary rise in a sealed tube. The glass 
capillary used has the same radius at its both ends. 

1 The radius of the wider tube was calibrated by mea- 
| suring the weight and length of the mercury thread 
Hy, put into it. A good concordant value, 0.611 mm., was 





Jt ~~ )\||| obtained. 
ul The radius of the narrow one was calculated from 
= the surface tension of benzene. Benzene used was 
Fig. 3. ‘‘Kahlbaum zur Analyse’”’ and dehydrated by sodium. 
The difference in height was 8.52 mm. at 25°C. 
P H 
a Pre teierakeerst (1) 
b, b. 


where a’ is the specific cohesion; H is the difference in height between the 
lowest points on the menisci; and 0;, b2 are the radii of curvature at these 
points respectively. On the other hand 
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where y is the surface tension and D and d are the densities of liquid and 
vapour respectively. The surface tension of benzene is 28.23 at 25.00°C. 
The densities of liquid and vapour are 0.87345 and 0.00044 respectively. 


Hence 
a? = 0.06592 . 


If we put fa “5 =~ in the equation (1), we obtain as ‘ 2.898. Hence 
b; is 0.345mm. If we put b;*=7r; and approximately calculate twice from 
Bashforth and Adam’s table, we obtain 7; = 0.3843 mm. as a mean value. 
From these values of 7; and rz, we obtained the value of the surface tension 
of water as 70.93 at 34.32° while Richards’ value by the method of the 
capillary rise is 70.72. 


Osmium tetroxide was distilled into the tube which has two capillary 
tubes in it, Fig.3, and the apparatus was sealed at a and kept in vacuum 
of 0.0005mm. for 30 minutes and sealed at b. Thus we measured the 
capillary rise under its own vapour pressure. The apparatus was kept in 
a thermostat at a constant temperature and after 15 minutes several 
observations were carried out. The results obtained are shown in Table 5. 





Table 5. 

°C. Am. @mm.2 Y dyne/cm. 756 

43.00 3.05 0.02323 49.24 | 25.72 

50.00 3.00 0.02284 48.10 25.23 

58.00 2.97 | 0.02261 47.25 24.85 
67.00 2.91 0.02214 45.87 24.24 

75.00 2.88 | 0.02191 45.08 | 28.87 

85.00 2.79 | 0.02120 43.15 | 23.04 

95.00 2.72 | 0.02066 41.62 22.36 

105.00 2.65 0.02021 40.13 | 21.69 

| 115.00 2.58 0.01956 38.59 | 20.99 
130.00 2.44 0.01845 35.79 19.71 
150.00 2.33 | 0.01760 33.32 | 18.57 





The surface tensions at 50.0° and 100.0°C obtained by Wartenberg 
are 49.8 and 42.2 respectively. 
Generally there are a following relation in a normal liquid. 


6 
_ yo(1— T;)* 
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where is the surface tension at absolute zero and 7; is reduced critical 
. ° ° § 
temperature. On osmium tetroxide the relations between y¢ and ¢ show 


two straight lines of different inclinations intersecting at about 75°C. The 
discussion on the liquid state will be described later. 
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Measurement of Densities. The experiment was carried out only on 
liquid osmium tetroxide. After the sample was distilled into A, it was 
sealed at a and evacuated to vacuum of 0.0005 mm., and it was cooled with 
a freezing mixture of NaCl and ice and then sealed at b. By warming A the 
melt was transfered into B up to slightly above the mark e and was sealed 
at c and d. (Fig.5). The capillary rise was read by a cathetometer with 
an accuracy of 0.01 mm. The apparatus was immersed in a thermostat. 
The capillary used has a length of about 7cm. and its mean radius is 
0.695 mm. by several observations with mercury. After the measure- 
ment ended, it was cut at a little above e and its capacity up to e is 
measured with water several times (Vmm*.). The coefficient of expansion 
of glass was taken as 2.5x10~. 

The density of vapour is calculated by the following formula 


d, = 0.0122” 

T, 

qd _--(T _ 
logic dh = 5( T, 1). 


where d, is the vapour density at the boiling point, M the molecular 
weight and 7, the boiling point. 


KL 
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The results are shown in Table 6. At the last column values of 





;, M yi : 
parachor are given, p = D Y ; Its mean value was obtained only from 
the values above 75°C. 
Table 6. 
; } 10 
7 Vinm.? D d D—d (D—d)3 Pp 
es | | 
| 43.00 646.95 4.3224 0.0006 4.3218 | 181.46 | 156.2 
50.00 651.14 4.2946 | 0.0008 4.2938 | 128.66 156.3 
58.00 656.12 4.2620 | 0.0010 4.2610 | 125.42 | 156.8 
67.00 661.75 4.2257 0.0012 4.2245 | 121.86 157.0 
75.00 667.02 4.1923 | 0.0015 4.1908 | 118.67 157.5 
85.00 673.49 4.1521 0.0021 4.1500 | 114.86 | 157.2 
95.00 680.25 4.1108 | 0.0027 4.1081 | 111.04 157.6 
105.00 687.04 4.0702 0.0036 4.0666 | 107.34 157.7 
115.00 694.38 4.0271 0.0048 4.0228 108.49 | 157.9 
130.00 705.81 3.9619 0.0074 3.9545 97.7 | 157.6 
150.00 721.96 3.8733 0.0131 | 3.8602 | 90.23 158.4 
157.7 


The value of parachor calculated by Sugden from Watenberg’s data is 
154.0 and the densities obtained by Wartenberg at 42° and 100° are 4.44 
and 4.19 respectively. 
TT Tt ft For a normal liquid, generally, there is a 
i—r-7-7—_~-_séreilation,” 


om We At ee ee oe 3 
ory gaekn D—d = D,(1—T,)?° 


| 
| where Do is the density at absolute zero, and 
ea | T, the reduced critical temperature. That is 





x 
| 


120 + 
n10 | —] Sea ae say. there is a linear relation between 
S|: | | | (D—d)* and temperature. For osmium tet- 
7 ws |_| | \ || roxide this relation holds good at above 
Q |] cake 75°C. but the line bends below 75°C. This 
a | I fact is also in parallel to the results on vapour 


*% 10 1 1 1 pressure and surface tension measurements. 


rat Liquid State of Osmium Tetroxide. It 


Fig. 6. 
has been known by the measurement of the 


(1) Sugden, J. Chem. Soc., 1927, 1780. 
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vapour pressure that the relation between log p and r can be expressed by 


two straight lines intersecting at about 70°C. The Trouton’s constant is 
21~2. Thetetroxide, therefore, is a normal liquid at its boiling point. Fs 
In the measurement of the surface tension the relation y=y7.(1—T,)* 
holds at above 75°C. and at below 70°C. separately, showing two straight 
lines. The same fact is observed in the measurement of densities. The 
3 
relation D—d = D,(1—T,)*° holds good at above 75°C. 
According to Walden” there is a following relation at its boiling point 
for a normal liquid. 


Ma" _ K = 1.162. 
T 


where a? is the specific cohesion at its boiling point. For osmium tetroxide 
a? = 1.867, R= Liv. 


Therefore this relation also indicates that the substance is a normal liquid 
at its boiling point. Putting these facts together, osmium tetroxide must 
be a normal liquid at above 75°C. In the following Katayama’s equation 
which indicates the relation between a molecular surface energy and tem- 
perature, the constant K’ is 2.12 for a normal liquid in most cases. 


M \3 aie 
q = k(T.—T 
{ D-d \ ) 


where T. is the critical temperature. If the liquid associates, the 
— 
degree of association is given by 2 = (Ge ) , where k is the value 


found by experiment. In the following table k and x for osmium tetroxide 
are given. 


eS. 43.00 67,00 95.00 115.00 150.00 
k 1.68 1.91 1.95 1.97 
x 1.42 1.17 1.13 1.11 


As the value of 2.12 varies somewhat according to a kind of a molecule, 
so it may be said that the tetroxide is a normal liquid at a high tempera- 
ture. It will be concluded that the abnormalities observed in the measure- 
ments of the vapour pressure, the surface tension and the density are due 
to an association. This indicates that this compound has somewhat a polar 
character. 


(1) Z. phystk. Chem., 65 (1908), 129, 257. 
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Critical Temperature. Wartenberg measured the critical temperature 
and found to be of 405°C. The author extrapolated the value by the 
relations y = ve (1—T,)® and D—d= D, (1—T,)%0 and found the values 
422°C. and 388°C. respectively. There is a great difference between them, 
but this is inevitable because the temperature range of measurements is 
narrow. The mean value of them is 405°C. We adopt this value, though 
it is not so accurate. 


Summary. 


(I) The structure of osmium tetroxide was discussed. 

(II) It was made clear that the phenomenon of an enantiotropy of 
osmium tetroxide set forth by Krauss did not exist. 

(III) The vapour pressure of osmium tetroxide was measured between 
15° and 130°C. Melting point, boiling point, heat of sublimation, heat of 
vaporization, heat of fusion, and free energy change among solid, liquid 
and vapour were determined. 

(IV) Surface tensions and densities from melting point up to 150°C. 
were determined. 

(V) Osmium tetroxide .in liquid state somewhat associates below 
70°C., though it is a normal liquid above 75°C. 

(VI) The critical temperature was determined as 405°C. 


July 1931. Chemical Institute, Faculty of Engineering, 
Kyushu Imperial University. Fukuoka 








